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Abstract 
Hydrological regime is a driving factor in wetland ecosystems. Its excessive alteration will lead to severe 
degradation of wetlands. Assessment of environmental flows is essential for wetland protection, recovery, 
and restoration. In order to solve the existing problems of traditional methods, such as rarely considering 
water quality and ecosystem status, a new method was developed to assess the environmental flows of 
wetland that will reflect the synergistic effect of water quality and quantity on ecosystems. The proposed 
method was applied to the Baiyangdian wetland, the largest shallow lake and wetland complex in the 
North China Plain. The main steps are as follows: 1) Based on the maximum distance cluster results of 
water quality data and organism data, the Baiyangdian wetland was divided into five regions. The key 
species were distinguished by a series of simulated removal experiments using the Ecosim model. 2) 
Integrating the typical monthly average water level and the surface water quality standards of Classes Ⅲ, 
Ⅳ, and Ⅴ, 21 integrated scenarios were designed. Aquatox model was applied to analyze the response of 
phytoplankton, zooplankton, zoobenthos under different circumstances of water levels, NH3, NO3-, PO43-, 
BOD5 and other environmental factors, illustrating the temporal and spacial distribution of biomass, the 
status of structure and functions of ecosystem under the synergistic effect of water quality and quantity 
scenarios. 3) Based on the variation trend of assessment indicators such as total primary production/total 
respiration, total biomass/total production, biomass of zooplankton/biomass of phytoplankton in different 
regions, and the weighting factors for each region, finally we concluded that 6.70m can serve as the 
minimum ecological water level in Baiyangdian, and 7.19-9.55m can serve as the range of appropriate 
ecological water levels. These ecological water level results can guarantee the stability of the ecosystem 
structure and balance without having the reverse succession, which also has an ecological significance. 
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1. Introduction 
Water regime is a driving force to sustain health and integrity of an ecosystem [1, 2], but in recent 
decades, with rapid economic development, water shortage and water quality deterioration have seriously 
influenced aquatic ecosystems. This situation has attracted more and more attention of scientists, 
government, and the general public, and the science of environmental flow assessment has been 
established since the 1990s [3-6]. Assessment of environmental flow is the basis from which to solve the 
ecological problems caused by water shortage and pollution, and the assessment can also provide a 
scientific guide for water management, regulation, and configuration.  
Because of the specific structure and function characteristics of wetlands, environmental flow 
assessments have been concerned with influence of water level fluctuation and surface area changes on 
habitat and biomass.  Common methods of studying wetland environmental flow can be divided into the 
following categories according to their different points of focus: 
(1) Studies focus on maintaining hydrological characteristics. This kind of method attempts to restore 
the hydrological situation to its status prior to the disturbance. Ecological data and field survey work are 
scarce in China’s recent history, so this type of method has been used widely. This method includes the 
water balance method [7], the period of water exchange method [7], the natural water level data statistics 
method [8], the analysis of the average lowest annual water level method, as well as the annual 
guaranteed rate method [9]. Although these hydrological methods are simple and used widely, they lack a 
connection with the ecosystem’s status, and the assessment results are too rough and far from modern 
practice.  
(2) Studies based on the biological indicator’s response to changes in the hydrological regime.  
Baird and Wilby [10] analyzed the correlation between plant and hydrological processes in detail, 
emphasizing that water regimes play an important role in natural environmental recovery. Visser et al. [11] 
analyzed five different types of vegetation data during 1968-1992 in Terrebonne Parish’s tidal marshes, 
and the results showed that both water level and water quality were the most important factors in 
vegetation changes. Blanch et al. [12] discovered that the abundance of 26 kinds of plants in Australia’s 
Murray River were related to the frequency of flooding. Mawhinney [13] arrived at the conclusion that 
there was a significant correlation between the distribution of two kinds of invasive plants and water 
depth, inundation time, flood frequency in the Gwydir Wetland, Australia. Although this type of study 
takes more detailed information about how a few key or dominant species respond to water regimes, the 
variation trend of a few species cannot represent the direction of the succession in an ecosystem; in the 
same way, it is also difficult to illustrate the health status and integrity of the whole ecosystem.   
This paper describes a newly developed method to solve the existing problems arising from the 
traditional methods, such as the rare consideration of water quality and the integrity of ecosystem 
structure and function. In this method, the relationship between water quantity, water quality, and 
ecological factors were corporately modelled by Aquatox software. How the ecosystem status responded 
to the series of water level and water quality scenarios was assessed by ecosystem indicators. When the 
method was applied to the Baiyangidan wetland (Northwest, China), the results showed that this approach 
can serve as a useful tool for assessing environmental flow by determining ecological water levels, and it 
can maintain the  integrity of ecosystem structures and function. 
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2. Materials and methods 
2.1. Study area 
The Baiyangdian wetland (38°43’-39°02’N, 115°38’-116°07’E) is located in the central North China 
Plain; it is typical of the northern shallow weedy wetland, and its area is about 366 km2 (Fig. 1). The 
average annual temperature is 7.3-12.7 ºC, with a maximum temperature of 43.5 ºC and minimum 
temperature of -23.7 ºC. The average annual precipitation in the whole basin is 549.5 mm, of which 80% 
occurs in July and August. The average annual evaporation rate in the region is 1303.1 mm, which 
exceeds the average annual precipitation rate. The Baiyangdian wetland plays an important role in 
maintaining ecological balance in North China, carrying a variety of ecological functions. However, in 
recent decades, the average annual volume of water delivered into Baiyangdian has showed a decreasing 
trend in general, due to the constant increasing of industrial, agricultural and household water use and the 
impoundment of upstream water reservoirs. The Baiyangdian wetland has suffered multiple times from 
severe drought up and pollution incidents since the 1980s, which has imposed a severe impact on the 
ecosystem structures and function. Water scarcity and water pollution have severely restricted the 
sustainable development of this area. Under the circumstance of current ecological environment 
conditions, it is of great practical significance to carry out research on the environmental flow of the 
Baiyangdian ecosystem and the related issues of hydrology and water resources.  
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Fig. 1. The location of Baiyangdian wetland and distribution of sampling sites 
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2.2. Model development 
AQUATOX is an aquatic ecosystem model released by the United States Environmental Protection 
Agency in 2005. This model can compute each important chemical or biological process from 15 minutes 
to 1 day simultaneously; thus it can simulate the transfer of biomass, energy, and chemicals from one 
compartment of the ecosystem to another. The model has the potential to establish the links among water 
quantity, water quality, other environmental factors, and biological response, and now it has been 
implemented in different aquatic ecosystem, such as rivers, ponds, lakes, estuaries, and reservoirs. 
Aquatox consists of multiple components. The driving variables include inflow, temperature, light, 
wind, and nutrient loadings, which can force all systems to respond in certain ways, including abiotic and 
biotic state variables. For biotic variables, AQUATOX allows users to designate multiple trophic levels 
and can simulate complex food webs including animals and plants. The model utilizes differential 
equations to represent the change of state variables and uses five different libraries to save animal, plant, 
chemical, site and mineralization parameters respectively [14,15]. The structure of the conceptual model 
was shown in Fig. 2. 
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Fig.2. Conceptual model depiction of Aquatox 
2.3. Basic input data 
In this study, there were 22 driving variables and state variables in the model. The abiotic variables 
included NH3, NO3-, PO43-, BOD5, DO, TSS, COD, PH, water temperature, wind velocity, light intensity, 
water inflow and water quantity. Referring to the Ecosim modelling and key species indicator assessment 
results, diatom, green algae, blue-green algae, copepods, rotatorias, mollusks and, chironomus were 
selected as the biota state variables.  
We set the simulation time period from August 3, 2009 to September 1, 2010, and the relative error 
was set to 0.001. Main environmental characteristics of each region were shown in Table 1. The initial 
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input of nutrients and organisms were shown in Tables 2 and 3. Water quality data were derived from the 
monthly water quality reports in 2009-2010 (Baoding Environmental Science Research Institute). The 
biomass data of phytoplankton, zooplankton, and zoobenthos were obtained directly from field sampling 
in 14 sites during four seasons in 2009-2010.  
Table 1. Main environmental characteristics of the Baiyangdian wetland 
 
Area 
(106km2） 
Mean Depth 
(m) 
Maximum 
Depth(m) 
Latitude 
(degree) 
Average light 
(Ly/d) 
Mean evaporation 
(mm/a) 
subarea A 21.16 1.507 1.975 38.5 357.476 1761.7 
subarea B 7.053 2.23 3.1 38.5 357.476 1761.7 
subarea C 3.527 1.575 2.073 38.5 357.476 1761.7 
subarea D 50.549 1.705 2.587 38.5 357.476 1761.7 
subarea E 35.267 1.982 3.1 38.5 357.476 1761.7 
Table 2. Initial concentrations for nutrients 
 
NH3&NH4+ 
(mg/L) 
NO3- 
(mg/L) 
TN 
(mg/L) 
PO43- 
(mg/L) 
CO2 
(mg/L) 
DO 
(mg/L) 
BOD5 
(mg/L) 
subarea A 0.639 0.256 1.445 0.095 0.72 7.83 2.8 
subarea B 0.455 0.12 0.768 0.031 0.7 6.76 2.35 
subarea C 20.3 0.254 22.7 1.199 0.71 4.95 3 
subarea D 0.42 0.153 1.059 0.031 0.71 7.85 3.1 
subarea E 0.519 0.139 0.942 0.022 0.72 6.49 2.5 
Table 3. Initial conditions for main species (dry weight) 
 
Diatom 
(mg/L) 
green algae 
(mg/L) 
Blue green 
algae(mg/L) 
Copepods 
(mg/L) 
Rotatorias 
(mg/L) 
Mollusks 
（g/m2） 
Chironomus 
（g/m2） 
subarea A 0.263 0.179 0.189 1.01 0.227 0.162 0.055 
subarea B 0.044 0.058 0.114 0.23 0.058 8.36 0.01 
subarea C 0.317 0.235 1.06 0.22 0.262 1.093 0.015 
subarea D 0.055 0.202 2.096 0.158 0.156 7.027 0.174 
subarea E 0.118 0.082 0.045 0.094 0.054 10.44 0.01 
2.4.   Parameters calibration 
The AQUATOX model involves many parameters; the sensitivity analysis and uncertainty analysis 
were used to determine the calibration object and assisted in this process. The high sensitivity 
mineralization parameters included: CBODu to BOD5 conversion factor, extinction coefficient (EC), 
optimum temperature, max decomposition rate for labile detritus (MDRL), max decomposition rate for 
refractory detritus (MDRR), optimum temperature for mineralization (OTM), maximum pH for 
decomposition (MPHD), detritus sedimentation rate (DSR). The high sensitivity phytoplankton growth 
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parameters included: saturating light, optimum temperature, Maximum photosynthesis rate, sedimentation 
rate.  
The value range of each parameter was determined by guide case and literature values [16-18], water 
quality data was used to conduct calibration, and the calibration results of main parameters were listed in 
Table 4 and 5. 
Table 4. The calibration results of highest sensitive mineralization parameters 
 EC (1/m) 
MDRL 
(g/g-d) 
MDRR. 
(g/g-d) 
OTM 
(m/d) MPHD. 
DSR 
(g/m/d) 
subarea A 0.2 0.2 0.007 25 8.5 0.3 
subarea B 0.1 0.25 0.007 25 8.5 0.3 
subarea C 0.1 0.2 0.007 25 8.5 0.3 
subarea D 0.1 0.1 0.04 25 8.5 0.69 
subarea E 0.1 0.25 0.007 25 8.5 0.69 
Table 5. The calibration results of most sensitive phytoplankton growth parameters 
Parameters Unit Diatom green algae Blue green algae Literature range 
Saturating Light Ly/d 24 40 110 20-300 
Optimum Temp. ℃ 15 25 30 8-35 
Max Photosynthetic Rate 1/d 1.5 1.8 2.2 1.5-5 
Sedimentation Rate m/d 0.16 0.05 0.01 0.005-0.16 
2.5. Setting of water quantity and water quality scenarios  
Daily hydrological series during 1959-2008 were analyzed. The average daily water level was 
transformed into an average monthly form, and the monthly values were sequenced in descending order 
as: X1, X2, ..., Xm, ..., Xn. According to the mathematical expectation formula P = m / n +1 × 100%, the 
experience frequency greater than Xm were calculated. Then the average monthly water levels which 
correspond to characteristic frequency P = 25%, P = 50%, P = 75% were discovered and discretized as 
seven water level situations (Fig. 3). Utilizing a combination of surface water quality standards class Ⅲ, 
Ⅳ and Ⅴ, 21 scenarios were set (Table 6) to analyze the synergistic effect of water quality and quantity 
on each trophic level organism. 
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Fig. 3. Water level scenarios based on frequency analysis 
Table 6. Setting of water level and water quality integrative scenarios 
Scenarios Water level conditions Water quality conditions 
Scenario 1 P25%+10% Class III (TN, NH3, TP, BOD5) 
Scenario 2 P25%+10% Class IV (TN, NH3, TP, BOD5) 
Scenario 3 P25%+10% Class V (TN, NH3, TP, BOD5) 
Scenario 4 P25% Class III (TN, NH3, TP, BOD5) 
Scenario 5 P25% Class IV (TN, NH3, TP, BOD5) 
Scenario 6 P25% Class V (TN, NH3, TP, BOD5) 
Scenario 7 (P25%+P50%)/2 Class III (TN, NH3, TP, BOD5) 
Scenario 8 (P25%+P50%)/2 Class IV (TN, NH3, TP, BOD5) 
Scenario 9 (P25%+P50%)/2 Class V (TN, NH3, TP, BOD5) 
Scenario 10 P50% Class III (TN, NH3, TP, BOD5) 
Scenario 11 P50% Class IV (TN, NH3, TP, BOD5) 
Scenario 12 P50% Class V (TN, NH3, TP, BOD5) 
Scenario 13 (P50%+P75%)/2 Class III (TN, NH3, TP, BOD5) 
Scenario 14 (P50%+P75%)/2 Class IV (TN, NH3, TP, BOD5) 
Scenario 15 (P50%+P75%)/2 Class V (TN, NH3, TP, BOD5) 
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Scenario 16 P75% Class III (TN, NH3, TP, BOD5) 
Scenario 17 P75% Class IV (TN, NH3, TP, BOD5) 
Scenario 18 P75% Class V (TN, NH3, TP, BOD5） 
Scenario 19 P75%-10% Class III (TN, NH3, TP, BOD5) 
Scenario 20 P75%-10% Class IV (TN, NH3, TP, BOD5) 
Scenario 21 P75%-10% Class V (TN, NH3, TP, BOD5) 
2.6. Assessment indicators  
The indices which can represent maturity and system structure were chose to illustrate the status of 
ecosystem under different water quality and quantity scenarios. The meaning of the four indices was as 
follows: 
Odum [19] considered the ratio of total primary production to total respiration (TPP/TR) to be an 
important ratio for description of the maturity of an ecosystem. In the early development stages of an 
ecosystem, the primary production is expected to exceed respiration, leading to the ratio greater than 1. In 
systems that suffer from organic pollution, the ratio is expected to be less than 1. Finally, in mature 
systems, the fixed energy is approximately balanced by the cost of consumption; thus the ratio is 
approaching 1 [19]. The TPP/TR ratio can take any positive value and is dimensionless. 
The total system biomass that is supported by the available energy flow in a system can be expected to 
reach the peak at the most mature stages of a system [20]. And the production rate of K selected species is 
lower than R selected species, so in mature and stable ecosystems, the ratio of biomass (B) and 
production (P) is higher. Thus B/P can reflect the succession status of the ecosystem, and its value can 
take any positive value, and has a non-dimensionality. 
Eco-exergy (Ex) and structure eco-exergy (Exst) have been widely used as the holistic indicator of the 
health state and development level characterization for lake ecosystems [21].  
The more healthy the ecosystem is, the values of Exst and Ex are higher, and meanwhile the 
phytoplankton and zooplankton biomass are lower [22]. From the angle of exergy, in the succession 
process of ecosystem, the system will be geared toward exergy maximization direction; for the 
individuals, the species which have greater exergy storage capacity survive better and always are the K 
choice species.  
Two indicators were calculated according to the method proposed by Jørgensen et al. [23], and the 
general equations were listed as follows:  
iiC
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
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Ex                                                                          (1) 
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Where Ex was the eco-exergy (kJ/m3), ωi was the weighing factor for the ith organic component (J/mg), 
proposed by Jørgensen et al. [23] (Table 7). Ci was the biomass or concentration of the ith organimc 
component. Exst was the structural eco-exergy, unit is kJ/g, Ct was the total biomass or total concentration 
in the ecosystem (g/m3). 
Table 7. Weighting factors ωi used for Ex calculation 
Organism ωi 
Phytoplankton  
Diatom 66 
Others 20 
Zooplankton  
Rotifera 163 
Benthonic animals   
Mollusca 310 
Annelida 133 
3. Results and discussion 
3.1. Sub-area division 
The Baiyngdian wetland was divided into 5 subareas based on different biological communities, water 
quality status, and environmental function distributions (Fig. 4). The area of each subarea was listed in 
Table 8.    
 
Fig. 4. Division of Baiyangdian wetland 
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Table 8. Area of each subarea in Baiyangdain wetland  
Subarea Sampling site Area (km2) proportion 
A 
1#  
2#  
3#  
13.791 0.190 
B 4#  9#  3.031 0.050 
C 
5#  
6#  
8# 
1.218 0.0165 
D 
10#  
11#  
12#  
27.559 0.374 
E 13#  14# 28.142 0.382 
3.2.  Ecosystem status simulation results in various scenarios 
In general, with water levels decreasing, the TPP/TR in each subarea showed an increasing tendency 
while B/P showed a decreasing trend. The change tendency of Ex and Exst varied in different subareas and 
water quantity and quality scenarios. The ecosystem response to water level changes was more 
remarkable than water quality. From water level scenarios 1 to 6, Exst decreased, but in scenario 7 its 
value increased significantly. The ratio of zooplankton biomass to phytoplankton biomass (Bzoo/Bphyto) in 
the lowest water level (scenario 7) was far higher than those in other water level states. The ecosystem 
slightly response to water quality change results from the fact that the current concentration of nutrients in 
all subareas of the Baiyangdian wetland are higher than the limited subsaturation concentration, and water 
quality standards class III, IV, V are also higher than the subsaturation concentrations; thus, it can be 
induced that nutrients are not the limiting factors. Another reason is that the model merely considered the 
toxic effect of a low DO concentration and a high NH3 concentration to benthonic animals and did not 
include the tolerance threshold of phytoplankton and zooplankton. Meanwhile zooplankton live in the 
surface of water, so the decreasing DO concentration has little influence on it. Therefore the simulated 
biomass of zooplankton was showed an upward trend in the lower water level and higher nutrient 
concentration conditions. 
Specific for subarea A, the largest change rate of TPP/TR was observed in the 7th water level scenario 
(Fig. 5). Under water quality class III, IV, V, the change rate increased by 0.48, 0.53, 0.64, respectively, 
more than those in the 6th water level, while B/P value decreased by 0.23, 0.25, 0.28 respectively (Fig. 6). 
In water level scenarios 1-6, the ratio of zooplankton biomass to phytoplankton biomass remained less 
than 1; however, it rapidly increased and reached 3.22 in scenario 7(Table 9). This result illustrated that in 
scenario 7, there were plentiful non-phytoplankton food sources, such as sediment released organic matter, 
boosting the development of zooplankton. Because various indicators had the most significant adverse 
change in water levels of scenario 7, scenario 6 was taken as the lowest limit of environmental flow. 
Appropriate environmental flow ranged from scenario 1-5. In order to protect high biodiversity and the 
advantage of K selected species in all water level conditions, the water quality standard should be 
maintained above class IV. 
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Fig. 5. TPP/R for subarea A; Fig. 6. B/P for subarea A  
Table 9. Calculation results of Ex, Exst and ratio of zooplankton biomass to phytoplankton biomass(Bzoo/Bphyto) in subarea A 
 Class III Class IV Class V 
 Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto 
1 193.59 166.74 0.3 184.42 151.66 0.24 239.73 156.74 0.85 
2 203.98 138.77 0.19 215.65 136.07 0.29 276.2 140.7 0.83 
3 339.88 163.94 0.55 363.97 163.55 0.79 405.81 164.64 1.35 
4 1340.8 153.37 0.23 1002.19 127.36 0.23 1028.02 126.46 0.27 
5 1474.5 156.3 0.5 1443.49 153.43 0.65 1425.49 149.06 0.9 
6 1590.53 154.71 0.86 1430.77 148.06 0.82 1477.17 149.76 0.87 
7 2430.47 180.92 3.22 2368.1 180.31 3.16 2672.79 185.19 3.69 
As shown in Fig. 7, Fig. 8 and Table 10, Ex, Exst in subarea B was significantly higher than other 
subareas, indicating better overall environment conditions. In water level scenario 1-6, TPP / R also 
showed a slight rate of change, illustrating that the whole system is more stable to external interference. 
However, under class III, IV, V water quality conditions, the change rate of TPP / TR of water level 
scenario 7 compared to that of the water level scenario 6, significantly increased, by 0.48, 0.50, 0.54, 
respectively. Zooplankton biomass in scenario 7 was also much larger than those in the other six water 
level scenarios. These phenomena can be explained by the same reasons for subarea A. In order to 
maintain the subarea B as the nature state with less human activities, the inflow and initial water quality 
should be superior to Class Ⅳ, and the minimum environmental flow was scenario 6, with appropriate 
environmentalflow between scenarios 1-5.
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Fig. 7. TPP/R for subarea B; Fig. 8. B/P for subarea B 
Table 10. Calculation results of Ex, Exst and ratio of zooplankton biomass to phytoplankton biomass(Bzoo/Bphyto) in subarea B 
 Class III Class IV Class V 
 Ex Exst Bzoo/Bphyto Ex Exst B Bzoo/Bphyt Ex Exst Bzoo/Bphyto 
1 6860.83 265.39 0.10 7799.06 272.81 0.09 5508.85 256.05 0.17 
2 4006.94 229.50 0.20 4638.97 246.51 0.29 4638.97 246.51 0.29 
3 3945.28 226.99 0.27 9373.36 276.35 0.28 10620.23 280.14 0.30 
4 3955.58 226.79 0.24 9146.29 274.97 0.26 10235.09 278.59 0.30 
5 4121.87 228.48 0.39 8752.92 272.61 0.41 9696.01 276.43 0.46 
6 3911.38 222.45 0.55 8407.58 268.91 0.59 8721.49 269.48 0.67 
7 5855.14 244.67 2.01 6003.70 250.35 1.97 6839.79 253.68 2.28 
 
 As shown in Fig. 9, Fig. 10 and Table 11, in subarea C, B/P value changed more intensely among 
different water level scenarios. This indicated that the ecosystem was sensitive to the external interference, 
and the ability of stress resistance was weak. The biota components were simple, and the dominant 
species were micro R selected species. Compared with other subareas, Ex and Exst were relatively low, 
because subarea C was not suitable for large creatures, which have a higher exergy capacity. Under 
different water quality conditions, from the 1st to 5th water level options, TPP/TR values are consistently 
less than 1, resulting from the heterotrophic ecosystem, and serious organic contamination. In the 7th 
option, due to the mutation in the ecosystem, Ex, Exst, Bzoo/Bphyto and TPP/R values were rapidly increasing, 
and the change rate of TPP/R was close to 1.5. Hence for the C zone which has been severely disrupted, 
only by selecting a certain water level state or controlling the water quality cannot achieve the target to 
restore its structures and function. Other internal and external control measures were also needed to 
restore this ecosystem. 
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Fig. 9. TPP/R for subarea C; Fig. 10. B/P for subarea C 
Table 11. Calculation results of Ex, Exst and ratio of zooplankton biomass to phytoplankton biomass(Bzoo/Bphyto) in subarea C 
 Class III Class IV Class V 
 Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto 
1 1155.89 93.81 0.16 1214.73 94.93 0.16 1324.34 96.12 0.16 
2 930.80 87.22 0.16 985.86 88.42 0.17 1083.25 87.89 0.15 
3 1036.02 86.85 0.18 1089.17 86.88 0.18 1193.13 87.08 0.18 
4 1067.37 85.90 0.20 1136.36 86.72 0.21 1259.18 87.58 0.22 
5 955.07 87.40 0.22 1011.09 88.74 0.23 1114.61 90.04 0.25 
6 1022.73 86.69 0.26 1070.45 87.43 0.27 1133.27 88.62 0.29 
7 1305.10 131.82 1.11 1300.54 129.77 1.11 1306.19 128.23 1.15 
As shown in Fig. 11, Fig. 12 and Table 12, in subarea D, under water quality condition class Ⅲ, 
TPP/TR values had a gentle trend in different water level conditions. In water quality condition class Ⅴ, 
TPP/R value were less than 1 in higher water levels (scenarios 1-2), indicating that at this time the 
primary production of phytoplankton was low, the input of nutrients played an important role, and the 
ecosystem belonged to the heterotrophic system. With water level reductions, TPP/TR increased 
significantly. In water level scenario 7, changes of all the indicators were the same as other subareas. 
Recently, in this subarea, water quality has been seriously interfered with because of the large culture area 
and fodder feeding. Thus non-point source pollution should be reduced, and water quality should be 
guaranteed above Class IV standards. For this area, scenario 6 was selected to be the minimum ecological 
water level, and scenario 1-5 was assessed to be the appropriate water level. 
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Fig. 11. TPP/R for subarea D; Fig. 12. B/P for subarea D   
Table 12. Calculation results of Ex, Exst and ratio of zooplankton biomass to phytoplankton biomass(Bzoo/Bphyto) in subarea D 
 Class III Class IV Class V 
 Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto 
1 7282.67 217.60 0.11 7062.30 214.30 0.15 6630.12 208.48 0.24 
2 5897.55 207.30 0.12 5283.05 198.61 0.17 4952.62 186.70 0.25 
3 4790.77 191.92 0.15 4803.02 188.14 0.19 4965.81 183.64 0.26 
4 3910.69 185.96 0.15 3883.72 180.60 0.20 3984.79 176.64 0.29 
5 4178.76 167.03 0.19 4148.40 164.57 0.22 4244.21 164.90 0.30 
6 4352.67 127.55 0.16 4291.29 127.30 0.18 4307.05 131.00 0.23 
7 4307.84 208.35 1.49 4384.95 186.78 1.06 4568.06 163.44 0.82 
As shown in Fig. 12, Fig. 14 and Table 13, in ecosystem of subarea E, TPP/R values in water level 
scenario 5 and scenario 7 indicated a significant turning point. According to variation of Ex, Exst, and the 
ratio of zooplankton biomass to phytoplankton biomass, the ecosystem state was mutated in water level 
scenario 7. Therefore, the water level of scenario 6 was chosen as this region’s minimum ecological water 
level, and 1-4 was selected as the appropriate ecological water level range. 
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Fig. 13. TPP/R for subarea E; Fig. 14. B/P for subarea E   
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Table 13. Calculation results of Ex, Exst and ratio of zooplankton biomass to phytoplankton biomass(Bzoo/Bphyto) in subarea E 
 Class III Class IV Class V 
 Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto Ex Exst Bzoo/Bphyto 
1 14677.58 294.85 0.09 6740.57 273.86 0.06 6454.79 272.65 0.15 
2 14261.66 291.89 0.20 5520.33 253.01 0.09 2825.94 213.60 0.10 
3 14927.47 290.47 0.27 6291.00 254.51 0.16 3020.73 209.83 0.15 
4 8420.71 269.57 0.21 5729.44 252.77 0.21 2515.29 199.04 0.20 
5 9001.61 265.85 0.31 7103.07 254.47 0.29 2647.18 186.28 0.32 
6 8275.99 259.87 0.39 8250.85 257.66 0.41 2802.91 187.54 0.45 
7 4580.51 248.57 3.04 4508.84 245.74 2.71 3195.53 226.44 2.68 
Referring to the above analysis, the corresponding water level of each subarea requirement was shown 
in Table 14. 
Table 14. Water level and water quality requirement of five subareas 
Subarea Minimum  water level 
Optimum water level 
range Water quality 
A Scenario 6 Scenario 1-5 Above Class IV 
B Scenario 6 Scenario 1-5 Above Class IV 
C Scenario 6 - - 
D Scenario 6 Scenario 1-6 Above Class IV 
E Scenario 6 Scenario 1-4 Above Class IV 
3.3. Ecological water level of the Baiyangdian wetland 
According to the proportion of each subarea in the Baiyangdian wetland, the minimum ecological 
water level and appropriate ecological level range of each subarea were weighted and averaged as the 
minimum ecological water level and appropriate ecological water level range in the whole Baiyangdian 
wetland area, and the calculation formula was as follows:. 
 
iHξH
n
1i
i

                                                                               (3) 
Where Hi is the ecological water level of each subarea, ξi is the weighting factor for each partition, H is 
the ecological water level of the Baiyangdian wetland, and the ultimate results are shown in Table 15. 
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Table 15. Ecological water level for Baiyangdian wetland 
month 
Ecological water level (m） 
minimum Optimum range 
1 6.58  7.83-9.52  
2 6.56  7.83-9.55  
3 6.84  7.79-9.46  
4 6.80  7.66-9.22  
5 6.75  7.40-8.97  
6 6.47  7.19-8.66  
7 6.35  7.34-8.70  
8 7.03  7.62-9.51  
9 6.90  7.92-9.75  
10 6.77  7.96-9.49  
11 6.64  7.82-9.47  
12 6.50  7.79-9.40  
annual 6.70  7.19-9.55  
4. Conclusions 
An aquatic ecological model utilizing Aquatox software was developed based on clustered zoning and 
modelling screening key species results, and this model can reflect the synergy effect of water quality, 
water quantity, and biota. The sensitive parameters such as mineralization parameters and phytoplankton 
growth parameters were calibrated, and the validation result indicates that the error is in the acceptable 
range. So the simulation results can reflect the basic ecological and environmental trend of each subarea. 
Furthermore, guaranteed corresponding characteristic water level rates of 25%, 50%, 75% were 
determined based on a frequency analysis of water levels over 44 years.  Then a series of 21 integrated 
scenarios were built utilizing the seven discrete water levels combined with surface water quality 
standards class Ⅲ , Ⅳ , Ⅴ . Scenario analysis results showed that the water quality impact on the 
ecosystem is less than the impact on water levels. In all subareas, when under water level condition 7, the 
biota and ecosystem state were mutated. Considering the trends of total primary production/respiration, 
total biomass/total production, zooplankton biomass/phytoplankton biomass integrally, and weighted 
average results of the five subareas, we concluded that the annual minimum ecological water for the 
ecological state of water level range from 7.19 to 9.55m. This environmental flow results may ensure the 
healthy state of ecosystem structure and stability. It also ensures that the system does not incur reverse 
succession, which has ecological significance. 
Subarea C currently is the most polluted area in the Baiyangdian wetland, and aquatic biological 
communities have been constituted by small species which have strong tolerance capacities. The 
structures of communities are simple, and the anti-interference ability is weak. Because this area is 
located at the junction of the Fu River and the wetland, high concentrations of pollutants in this area will 
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impact the wetland’s whole water quality. Hence some approaches are needed to strengthen the region’s 
pollution control and ecological restoration and enable this area to play its normal ecological functions. 
In this study, based on ecosystem integrity and maturity, we preliminary determined the ecological 
water level in the Baiyangdian wetland. This result can reflect the basic water requirements of the 
integrity of ecosystem structures and function. However, due to the lack of fish species and biomass 
distribution data, this model did not consider fish, which may cause the modelling biomass of 
zooplankton and benthonic animals to be higher. In future work we should focus more on the basis of the 
monitoring and collection of biological information, especially the information related to fish, which will 
make the ecological flow study more scientific and comprehensive. 
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